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R67Membrane Trafficking: Licensing a
Cargo Receptor for ER ExportQuality control in the endoplasmic reticulum prevents packaging of immature
andmisfolded proteins into vesicles, but the actualmechanisms involved in this
process have not been defined for most cargos. A recent study demonstrates
that the engagement of mature cargo with its receptor triggers the recruitment
of a vesicle cargo adaptor.J. Christopher Fromme
The endoplasmic reticulum (ER) is
the primary site in the cell for the
synthesis of proteins that are secreted
or reside within secretory and
endocytic organelles. Such proteins
are translocated into the ER lumen
as nascent unfolded polypeptides.
Proteins that exit the ER do so as
cargos of vesicles coated with the
COPII coat protein, but first must
adopt their correctly folded structure.
Polypeptides that fail to fold correctly
and complexes that fail to assemble
properly are retro-translocated out of
the ER and degraded. Such quality
control mechanisms help to ensure the
integrity of the expressed cellular
proteome, by triaging polypeptides
that fail to mature. Much progress has
been made in understanding the basic
features of ER quality control systems,
including the machinery controlling
ER-associated degradation (ERAD)
and the signaling systems involved in
the unfolded protein response (UPR).
However, many open questions
remain, including how COPII vesicles
avoid prematurely packaging immature
or misfolded polypeptides into
vesicles. A new study from the Muniz
lab [1], published in this issue of
Current Biology, directly addresses
this question for an important subset of
COPII vesicle cargos.
Many proteins displayed on the
surface of eukaryotic cells — including
receptors, adhesion molecules,
and enzymes — are linked to
the plasma membrane via a
glycosylphosphatidylinositol (GPI)
anchor. The GPI anchor is covalently
attached to the carboxyl terminus
of target proteins in the lumen of the
ER after translation. The metabolic
pathway for the synthesis and
attachment of GPI anchors is
conserved and essential [2]. After
covalent coupling to a nascent protein,
both the lipid and glycanmoieties of the
anchor are remodeled prior to exit ofthe GPI-anchored cargo from the
ER [3–5]. The first step involved in
remodeling the GPI anchor is the
removal of an acyl chain from the
inositol group by the Bst1/PGAP1
enzyme in yeast/humans, respectively
[6]. Subsequent remodeling involves
modification of the glycan structure
by PGAP5 and replacement of the
membrane-anchoring acyl chains in a
multi-step process (the latter steps
occur in the Golgi of mammalian cells
but in the ER of yeast cells) [3,7,8].
Previous studies have linked the
GPI-anchor remodeling process to
aspects of ER quality control. BST1
was originally identified in a screen for
negative regulators of COPII vesicle
formation (BST = ‘bypass of sec13’,
Sec13 being a COPII subunit) and
was found to be required for the fidelity
of COPII cargo sorting [9]. In a more
recent screen, other genes encoding
GPI-anchor remodeling proteins,
including TED1 (one of two yeast
PGAP5 orthologs) were also identified
as ‘BST’ genes [10]. A direct link
between GPI-anchor remodeling and
quality control was suggested by the
observation that a misfolded form of
the GPI-anchored cargo Gas1, which
is normally degraded rapidly after
synthesis, was stabilized in bst1D
cells [11].
ER exit of GPI-anchored cargos
relies upon p24 proteins [12]. The p24
proteins are transmembrane proteins
that form heteromeric complexes,
cycle between the ER and Golgi, and
act as trafficking receptors for their
lumenal cargos by physically bridging
such cargos to the cytoplasmic COPII
coat [13–16]. Correspondingly, the
genes encoding several p24 proteins
were found to be BST genes [9,15]. In
mammalian cells, interaction of mature
GPI-anchored cargos with p24 proteins
is required to concentrate these cargos
at ER exit sites, where COPII vesicles
are formed [4]. In yeast, concentration
of GPI-anchored cargos at ER exit sites
instead requires remodeling of the acylchains of the GPI anchor, perhaps
inducing association of the cargos with
lipid microdomains [5]. It is apparent
that the p24 proteins monitor the status
of GPI-anchor maturation in both yeast
and mammalian cells [4,5], although
how this is achieved and how this
information is communicated to the
COPII machinery has remained
unclear.
Now, Manzano-Lopez et al. [1]
determine that p24 protein recognition
of mature GPI-anchored cargos does
indeed occur by direct binding to the
remodeled glycan, as this interaction
can be out-competed by mannose.
The authors find that the yeast PGAP5
ortholog Ted1, but not the paralogous
Cdc1, is responsible for this critical
step of GPI-anchor remodeling. In
contrast to mammalian cells, the
action of the Ted1/PGAP5 enzyme
is not required for concentration of
GPI-anchored cargo at ER exit sites in
yeast. However, similar to mammalian
cells, in yeast Ted1 is required for
interaction of these cargos with the
p24 complex. Furthermore, the
authors find that binding of the
mature GPI-anchored cargo to the
p24 complex induces recruitment of
the COPII subunit Lst1 to ER exit sites
and strengthens the interaction
between p24 and Lst1 [1]. Lst1 is one of
three Sec24 paralogs in yeast
responsible for sorting specific
cargos into nascent COPII vesicles,
through direct physical interactions
[17]. Lst1 is known to play a role in
packaging of GPI-anchored cargos
and the p24 complex [18,19].
The data lead to a model (Figure 1)
in which the final GPI-anchor
remodeling step effectively ‘licenses’
the GPI-anchored cargo to fully
engage with the p24 cargo receptor.
Binding of the cargo to p24 then triggers
recruitment of Lst1. This aspect of
the model is somewhat distinct from
conventional models in which vesicle
coat components serve to concentrate
cargos at exit sites, rather than the
other way around. The final step in the
process is formation of a specialized
COPII vesicle enriched in p24
complexes bound to GPI-anchored
cargo.
This model is very interesting
because it implies that the p24 cargo
receptor changes conformation when
mature GPI-anchored cargos are
bound. The p24 complex can
therefore be considered a sensor for
p24
complexGPI-
anchored
cargo
Sec23 Lst1
COPII vesicle
Ted1Cytoplasm
ER lumen
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Figure 1. Model for the role of GPI-anchor remodeling in triggering COPII coat recruitment.
Remodeling of the GPI anchor by Ted1 (represented by the removal of the black star) is
required for the GPI-anchored cargo to bind the p24 cargo receptor complex, which interacts
directly with the remodeled glycan moiety of GPI. Binding to the mature GPI-anchored cargo
causes some change in the p24 receptor (denoted by a red star), triggering recruitment of the
COPII cargo adaptor Lst1 (shown in a complex with its binding partner Sec23) and subsequent
packaging of the p24–GPI-anchored cargo complex into COPII vesicles. This model is based
on the study from the Muniz group [1].
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Lst1 that maturation has completed
and vesicle assembly can begin. Some
aspects of this model had been
proposed previously by both the
Kinoshito and Muniz groups [5,8], but
this work provides a convincing
demonstration that the remodeled
GPI-glycan moiety binds to p24 and
thus induces some change in state of
the p24 complex that stabilizes binding
to Lst1 [1].
Although there are some differences
in the details between yeast and
mammalian cells, it appears that in
both cell types GPI-anchor remodeling
serves as a key step that regulates
incorporation of GPI-anchored cargos
into vesicles. This mechanism may
represent a type of checkpoint,
inhibiting premature incorporation of
GPI-anchored cargos into vesicles
and perhaps providing sufficient time
for these cargos to adopt their native
fold. Interestingly, a recent study found
that such a checkpoint may be
bypassed under conditions of ER
stress in order to avoid accumulation of
unfolded GPI-anchored cargos in the
ER [20].
The report from Manzano-Lopez
et al. [1] provides a clear mechanistic
explanation for why the Ted1/PGAP5
remodeling reaction is required for
packaging of GPI-anchored cargos
into COPII vesicles, but it also raises
questions. What is the exact nature
of the change in the p24 complex
that is triggered upon binding to a
mature GPI-anchored protein? Is theactivity of Ted1 and/or Bst1 sensitive
to the folding status of their GPI-protein
substrates? Do similar mechanisms
operate to ensure that other
(non-GPI) cargo receptors capture
only fully-matured lumenal cargos?
Addressing these questions will be
vital to deepen our understanding
of the connection between quality
control and membrane trafficking.
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